Abstract: High sodium intake increases blood pressure and consequently increases the risk of cardiovascular diseases. In Australia, the best estimate of sodium intake is 3840 mg sodium/day, almost double the World Health Organization (WHO) guideline (2000 mg/day), and processed meats contribute approximately 10% of daily sodium intake to the diet. This study assessed the median sodium levels of 2510 processed meat products, including bacon and sausages, available in major Australian supermarkets in 2010, 2013, 2015 and 2017, and assessed changes over time. The median sodium content of processed meats in 2017 was 775 mg/100 g (interquartile range (IQR) 483-1080). There was an 11% reduction in the median sodium level of processed meats for which targets were set under the government's Food and Health Dialogue (p < 0.001). This includes bacon, ham/cured meat products, sliced luncheon meat and meat with pastry categories. There was no change in processed meats without a target (median difference 6%, p = 0.450). The new targets proposed by the current government's Healthy Food Partnership capture a larger proportion of products than the Food and Health Dialogue (66% compared to 35%) and a lower proportion of products are at or below the target (35% compared to 54%). These results demonstrate that voluntary government targets can drive nutrient reformulation. Future efforts will require strong government leadership and robust monitoring and evaluation systems.
Introduction
Sodium is a chemical element required by the body for many physiological functions including maintenance of blood volume and pressure. However, excess dietary sodium intake, increases blood pressure and consequently increases the risk of cardiovascular diseases (CVDs) [1] . CVDs are the leading cause of death in Australia, accounting for 32% of all deaths [2] . Sodium is found naturally in some foods, however most sodium consumed is added to foods either by a manufacturer or consumer in the form of sodium chloride, more commonly known as salt [3] . Correspondingly, reducing salt intake to less than 5 g/day (2000 mg sodium), as recommended by the World Health Organization (WHO) [4] , is an effective way to reduce the risk of CVDs through lowering blood pressure, as well as other adverse health implications associated with high salt intakes including chronic kidney disease, sausages, crumbed/battered meat/chicken, wet savory pies and dry savory pies. Products were included in this analysis if they met the government's definitions for each food group [13, 19] .
Processed meats, defined under the Food Standards Code as a meat product that contains at least 300 g/kg of meat and has "either singly or in combination with other foods, undergone a method of processing other than boning, slicing, dicing, mincing or freezing", and were included. Products were excluded if they did not meet this definition, there was no sodium displayed in mg/100 g on the package, or displayed erroneous data.
Sodium content was reported in mg/100 g of food. The total number of products, mean and standard deviation (SD), median and interquartile range (IQR), and range were determined for all processed meats, and grouped according to year and category/subcategory listed above. Products were also grouped according to presence or absence of a sodium target. The Shapiro-Wilk test was used to test for normality and differences in mean and median sodium levels between 2010, 2013, 2015 and 2017 were determined by conducting a one-way analysis of variance (ANOVA, with Scheffe's post-hoc test) and Kruskal-Wallis tests (followed by Dunn's test), respectively. The number and proportion of products meeting relevant sodium targets were also calculated across all years, and chi-square tests were used to determine differences in proportions meeting the targets between 2010 and 2017. Statistical analyses were conducted in Stata SE V13.0 for Windows (StataCorp LP, College Station, TX, USA) [20] . Alpha was set at a 0.05 significance level.
Results
A total of 2510 products were included in the analysis: 675 products from 2017, 633 from 2015, 783 from 2013 and 419 from 2010; 87% more products and three more product categories/subcategories were captured in 2013 compared to 2010, as illustrated in Table 1 . Normality testing revealed that the sodium levels of processed meat overall, all categories and most subcategories were skewed. Only chorizo, sliced luncheon meats and uncoated frozen/chilled meats were normally distributed for all years. As such, median values were reported and non-parametric tests were conducted. Mean sodium levels can be found in Appendix A (Table A1) .
Sodium Content of Processed Meats in 2017
In 2017, the median sodium content of processed meats was 775 mg/100 g (IQR 483-1080). There were large differences between the sodium content of processed meat categories. Dried meat had the highest sodium content per 100 g (median 1760 mg/100 g), followed by salami and cured meats (median 1475 mg/100 g). Frozen and chilled meats had the lowest sodium content (median 443 mg/100 g) followed by meat burgers (median 514 mg/100 g). Within some categories, large variation was evident (Table 1) .
Trends in Sodium Levels from 2010 to 2017
The Dunn's test following the Kruskal-Wallis test detected a 12% decrease in the median sodium levels of processed meats from 2010 to 2017 (880 to 775 mg/100 g; p = 0.001). However, this was not consistent across the years, with sodium levels decreasing by 18% from 2010 to 2013 (p = 0.001) followed by a 13% increase to 2015 (p = 0.106) and a 5% decrease to 2017 (p = 0.112). At the category level, a 13% decrease in the median sodium content of bacon (1205 to 1050 mg/100 g), and an 8% decrease in sliced meats (1075 to 986 mg/100 g) from 2010 to 2017 were determined (p < 0.001, p = 0.02, respectively). By contrast, the median sodium level of canned meat rose 46% from 540 to 786 mg/100 g (p = 0.006). The median sodium level decreased at the subcategory level for 4 subcategories, including a 10% decrease for meat with pastry from 456 to 410 mg/100 g (p = 0.017), a 19% reduction in pancetta and prosciutto from 2273 to 1835 mg/100 g (p = 0.016), an 11% reduction in sliced ham from 1160 to 1030 mg/100 g (p = 0.004) and a 16% reduction in sliced luncheon meats (p < 0.001; Table 1 ). In contrast to the above, if we look at changes based on the mean, the Scheffe's post hoc test following the ANOVA only revealed a significant reduction in the mean sodium levels of bacon (1259 mg/100 g to 1047 mg/100 g; p < 0.001) and sliced luncheon meats (980 mg/100 g to 809 mg/100 g; p = 0.002) from 2010 to 2017 (Appendix A (Table A1) ). A sensitivity analysis determined that the new categories added in 2013 did not significantly affect the overall result (Appendix A (Table A2) ).
Trends in Sodium Levels of Products with and Without Targets
There was an 11% reduction in the median sodium level of processed meats targeted by the FHD (p < 0.001), while there was no change in processed meats without a target (median difference 6%, p = 0.450). The median sodium level of processed meats with an FHD target (namely bacon, sliced ham, sliced luncheon meat and meat with pastry categories) was 1010 mg/100 g in 2010 and 898 mg/100 g in 2017. The median sodium level of all other processed meats was 765 mg/100 g in 2010, and 717 mg/100 g in 2017 (Table 1) .
Only 35% of the products in 2017 were covered by an FHD target. Overall, 54% of products had sodium levels at or below their respective targets, including: 65% of ham/cured meat products, 65% of bacon, 51% of wet savory pastries and 29% of dry savory pastries, and 28% of emulsified luncheon meats ( Table 2) .
In 2010, 43% of available products had FHD targets, which dropped to 34% in 2013 and there has been no further change. Overall, the proportion of products at or below their respective target has increased from 23% in 2010 to 54% in 2017 (p < 0.001). By category, the proportion of bacon and ham/cured meat products at or below the 1090 mg/100 g target has increased (both p < 0.001) as well as the proportion of emulsified luncheon meats (p = 0.04); however, the proportion of savory pastries has remained unchanged ( Table 2) .
By contrast, the new HFP targets introduced in 2018 cover 444 of 675 (66%) products collected in 2017, across 8 processed meat categories; 35% of products were at or below their respective target, which has increased from 18% in 2010. In 2017, 49% of bacon products, 45% of ham, 40% of crumbed/battered meat products, 32% of wet savory pastries and 29% of dry savory pastries, 25% of frankfurts/saveloys, 21% of sausages and 19% of delicatessen meat were at or below their respective HFP targets ( Table 2 ). The proportion of products at or below the target has continually increased for bacon, ham, and wet and dry savory pastries, where there were previous FHD targets. There has been no change for foods without FHD targets: frankfurts/saveloys, sausages or crumbed and battered meat and poultry. There has also been no change in the proportion of processed deli meats, a category that was partially covered by an FHD target. 
Discussion
This research suggests that reductions in the sodium levels of processed meats have been made by the food industry in response to voluntary government targets. Overall, the sodium content of processed meats decreased by 12% from 2010 to 2017. However, further analysis revealed that the reductions were only for categories where the government had set targets under the FHD. This work builds on the findings by Trevena et al. [21] , who determined that the proportion of bacon/ham/cured meat products meeting the FHD target increased between 2010 and 2013. The current study further showed that the proportion of these products meeting the targets continued to increase to almost two-thirds in 2017. Yet, the proportion of savory pastries meeting the targets has remained unchanged across the years, which may be due to the different timeframes for implementation. Irrespective of this, these results indicate that the initial setting of voluntary sodium targets under the FHD drove, at least in part, sodium reduction reformulation in processed meats in Australia.
Australia, like many countries, has chosen a voluntary approach to food supply sodium reduction. These have been successful in some countries, although others have not shown much progress. While two countries have legislated sodium reduction targets and others have chosen a combined mandatory and voluntary approach, voluntary approaches are the most widely implemented at present [22] . Our data indicate that the voluntary government targets in Australia drove sodium reformulation for only some processed meat categories, and there is evidence for this variable effect in other countries. In the UK between 2006 and 2011, significant reductions in the mean sodium content of bacon, sliced ham, cooked meat and frozen processed meat were observed; however there was no overall change for processed meat, nor meat with pastry products [23] . In Canada, the mean sodium levels in sausages/weiners, and fresh and frozen meat/poultry decreased under the Health Canada targets from 2010 to 2013, although the mean sodium content of other processed meat categories, including bacon and deli meats, remained unchanged [24] . In light of these variable results, continued and strengthened reformulation efforts in processed meats in Australia and globally are needed.
While the FHD target setting for processed meats drove sodium reformulation by the food industry, the limited coverage of products under the previous FHD targets constrained its potential impact. Processed meats are a significant contributor to daily sodium intake in the average Australian diet [15] , and were thus chosen as a priority food category for target setting [12] . Yet, in 2010, less than half of products were captured by the targets, and from 2013 to 2017 only around one-third of products were covered. Magnusson and Reeve [25] further proposed that the limited impact may be due to variable industry participation. However, the companies which committed to sodium reformulation for processed meats and savory pies in 2009 represented 95% and 85% of the market share, respectively [19, 26] . Thus, it is more likely that incomplete product coverage was the primary reason for the limited impact of the FHD targets.
Positively, a more comprehensive approach to target setting has been undertaken by the current government's HFP, resulting in a higher product coverage and more stringent targets. The approach considered foods and beverages contributing ≥1% of sodium, sugar or saturated fat to the diet [27] , a step which was noted by the Heart Foundation as a key consideration for food reformulation efforts in a recent review [28] . Other factors including feasibility, appropriateness of reformulation to reduce nutrient intake and available food supply data were also considered [27] . This approach resulted in the new draft HFP targets capturing two-thirds of processed meat products available in 2017, a great improvement on the previous FHD targets. Furthermore, this approach resulted in the draft HFP targets being set lower than the previous FHD targets for most processed meat categories, including ham, bacon, processed deli meats and wet savory pies, with only dry savory pies remaining the same. Applying these draft targets to the data revealed one-third of products were at or below their respective targets in 2017, whereas more than 50% of products were at or below the FHD targets. Taken together, given that there were only reductions in the sodium content of processed meats targeted by the FHD, the higher proportion of products captured by the HFP targets and the lower proportion of products already at or below the targets, this indicates large potential for sodium reduction across the processed meats category. This effort could be further strengthened by the addition of more processed meat categories, and plans for progressively lower targets in the future.
Food environment interventions, such as sodium reformulation, should be a component of a multifaceted sodium reduction program. Improving the food environment through sodium reformulation is recognized as a 'best-buy' strategy by the WHO, as it is cost-effective, affordable and feasible, and has population-wide impacts independent of individual change [29, 30] . Furthermore, given that Australians are consuming almost double the recommended maximum daily amount of sodium [11] , and processed meats contribute approximately 10% of average daily sodium intake [15] , decreasing the sodium levels in processed meats through product reformulation could contribute to reducing population level daily sodium intake in Australia, and reducing the risk of associated adverse health implications. However, food environment interventions should be complemented by other initiatives, including consumer awareness campaigns to increase consumer knowledge and demand for healthier products, and front of pack labelling systems to drive reformulation and support healthier consumer choices [28] . Positively, the target setting undertaken by the HFP considered Australia's voluntary front-of-pack labelling system, the Health Star Rating [31] . The majority of targets were set at a Health Star Rating baseline cut-point, providing an additional incentive for manufacturers to reformulate as they will likely achieve a higher score [27, 32] . A national consumer awareness campaign should also be considered by the government, aiming to increase knowledge on the sodium content of all processed foods, awareness of the other health implications of frequently consuming processed meats (e.g., cancer [33] ), and ultimately drive consumer demand for healthier products.
A strength of this study is the coverage of foods sampled. The majority of processed meat products were likely captured as data was collected on all processed meats sold in the four major supermarkets in Australia each survey year. This consistent sampling method, in combination with the rigorous quality assurance protocol employed [18] , allowed for comparison between years. Notably, previous studies examining sodium levels in the Australian food supply have reported mean sodium levels and changes in mean sodium over time [21, 34] . Another strength of this study is the use of medians to demonstrate change. Normality tests conducted revealed a skewed distribution of the data, and appropriate statistical tests (non-parametric tests) were subsequently performed. The findings suggested that the changes in the mean sodium over time resulted in conservative estimates of change, which is consistent with ANOVA tests being less powerful for skewed data. A limitation of the study was the lack of congruency between FoodSwitch categorization and the FHD targets, which required manual sorting. Further to this, due to the ambiguity of what the FHD classified as a cured meat, only bacon and ham were compared to the target. Additionally, three processed meat categories/subcategories were not captured in 2010, resulting in not all processed meat products being collected in that year.
Conclusions
Previous target setting attempts by the Australian government under the FHD has driven sodium reduction in processed meats. Promisingly, a higher proportion of processed meat products are captured by the proposed HFP targets, and a lower proportion of products are already at or below the proposed targets, compared to the FHD targets. Combined with the knowledge that the majority of sodium in the Australian population's diet is from processed foods and approximately 10% from processed meats, these results demonstrate the large potential for future reformulation efforts in Australia to reduce population sodium intake. 
